Quadriceps tendon rupture is an uncommon injury in healthy individuals. This paper presents two case reports of patients of bilateral quadriceps tendon rupture, who were misdiagnosed as muscle weakness of quadriceps with contusion of the knee joint. Subsequent physical examination showed a supra-patellar gap, moderate hemarthrosis of both knees, and failure of active knee extension. MRI showed bilateral rupture of the quadriceps tendons at the osteotendinous junction. Radiographs described the depression in the suprapatellar soft tissue, patella baja and an avulsion bony fragment on the patella. Surgery confirmed the MRI observation, so transosseous suturing and augmentation were undertaken. Both patients returned to a normal life with useful function. Adequate physical examination and correct understanding of both radiograph and MRI were required to prevent misdiagnosis.
Introduction
Rupture of the quadriceps tendon is an uncommon injury, and bilateral rupture is very rare. It usually occurs in the elderly or in patients with chronic disease [1] . As these injuries are so rare, the diagnosis can be difficult and quite often is missed [2] . We report two cases of simultaneous bilateral quadriceps tendon ruptures in healthy individuals.
Case Report Case 1
A 72-year-old man injured both knees after he slipped off a step. He was unable to stand up afterward and went to a clinic where his injury was diagnosed radiographically as contusions of both knees accompanied by muscle weakness. Five days later, clinical examination in our hospital showed a supra-patellar gap (Figure 1 ), moderate hemarthrosis of both knees, and failure of active knee extension. Based on this, the patient was diagnosed with bilateral rupture of the quadriceps tendons. Magnetic resonance imaging (MRI) confirmed the diagnosis, showing the quadriceps tendon rupture at the osteotendinous junction (Figure 2 ). Radiographs of his knees revealed the delle in the suprapatellar soft tissue, low-riding patella [3] and an avulsion fragment on the patella (Figure 3 ). The patellar heights of his right and left knees were 0.89 and 0.68, respectively, using the InsallSaivati method. He did not have concomitant diseases.
Five days after his injury, a correct diagnosis of bilateral rupture of the quadriceps tendons was made, and seventeen days after injury, the primary surgical repair was performed. At operation, both quadriceps tendons were found to be ruptured at the osteotendinous junction ( Figure 4) . A freshening of the edges, transosseous sutures were performed ( Figure 5 ). A biopsy was taken from each injured side, and showed the rupture of the tendon, granulation formation, and patellar microfracture. Postoperatively both legs were placed in plaster casts in complete extension for 6 weeks with full weight bearing mobilization. At the end of 3 months, although the patient complained of weakness in both knees, he was walking independently with the aid of one crutch. He had bilateral flexion of 110 degrees and no extension lag on either knee. Radiographs showed patellar height of 1.00 on the right knee and 0.96 on the left knee using the Insall-Salvati method. At follow-up 26 months after repair, clinical examinations revealed a Lysholm score of 97 and a Tegnar activity score of 2, with full extension, no extension lag, flexion of 120 degrees on both knees, and no disturbance on walking without any aids. fall, bilateral ruptures of the quadriceps tendons were diagnosed by clinical examination in our hospital. The diagnosis was based on the supra-patellar gap, moderate hemarthrosis of both knees, and failure of active knee extension. Magnetic resonance imaging (MRI) confirmed the diagnosis showing the quadriceps tendon rupture at the osteotendinous junction. Radiographs showed patellar baja and an avulsion of small bony fragments above the patella. The patellar height was 0.88 on the right knee and 0.87 on the left knee using the Insall-Salvati method. No systemic concomitant diseases were diagnosed.
A correct diagnosis of bilateral rupture of the quadriceps tendons was made, and thirteen days after injury the primary surgical repair was performed. At operation, complete ruptures of both quadriceps tendons were found at the osteotendinous junction. After freshening of the edges, both tendons were repaired with sutures passed through drill holes in the patella. After the operation, both legs were placed in plaster casts in complete extension for 6 weeks with full weight bearing mobilization. At the end of 4 months, the patient complained of weakness in both knees, with bilateral flexion of 110 degrees and no extension lag on either knee. He could walk independently without any aids. At follow-up 24 months after repair, he had flexion of 140 degrees and full extension without any extension lag on both knees. Radiographs showed patellar height of 1.10 on the right knee and 1.13 on the left knee. The Lysholm score was 99 and the Tegnar activity score was 3.
Case 2
A 69-year-old man fell down on a small hill when he was walking down a mountain. He complained of painful knees and was unable to extend his knees and stand up afterward. He went to a hospital and was diagnosed radiographically with muscle weakness and contusions on both knees. Two days following the Surgical repair has been advocated as the treatment of choice. A variety of surgical procedures have been reported and the results were satisfactory [14] . Some investigators have reported that augmentation of quadriceps tendon ruptures should be performed [15] , but this is controversial [16] . In our series, as both patients were elderly but had no concomitant chronic diseases which were reported as causes of weakening tendons, augmentation was not performed.
The duration from injury to surgical operation has been reported as a key factor in time to recovery after surgery. Neubauer, et al. reported that 50% of patients who had a repair within two weeks of injury showed complete recovery, whereas only 21.4% of patients whose repair was delayed more than two weeks achieved full recovery [17] . As any delay in diagnosis or repair is crucial for full recovery, early surgical repair of the tendon is recommended. As these two cases showed different clinical results with good functional recovery, case1 returned to daily life with slightly limited flexion range of both knee, case 2 showed full recovery to previous activity level without any deficit, this difference was thought to be the result of the difference of the duration to surgery.
Postoperatively, the standard of care has been to apply plaster casts for six weeks to immobilize the knee [17, 18] . On the other hand, a few reports have described early mobilization with the use of a motion limited knee brace, to decrease the risk of thrombosis and flexion deficits [16] . However, no differences of function between early mobilization and immobilization have been reported [19] . In terms of weight bearing, full weight bearing gait with the knee locked in extension is considered as one of the most important program on rehabilitation, to prevent loss of muscle power of quadriceps [20] and to keep patient's activities in daily life higher even with any aids.
In conclusion, we report two cases of bilateral simultaneous rupture of the quadriceps tendons. To establish the correct diagnosis of quadriceps tendon rupture, it is important to identify the gap on the quadriceps tendons by physical examination and by imaging using radiography or MRI. Surgery within two weeks after the injury and early weight bearing with knee locked in extension, can provide excellent results and a return to daily normal activity in elderly people.
Discussion
Rupture of the quadriceps tendon is usually seen in patients older than 50 years who have concomitant diseases such as gout, hyperthyroidism, diabetes mellitus or chronic renal failure [1] , or who have exposure to chronic corticosteroid use [4] . However, bilateral quadriceps tendon rupture is rare and occurs more frequently in healthy individuals [5] .
The mechanism of rupture involves a sudden force, which combines contraction of the extensor mechanism and concurrent applied stretching of the quadriceps [6] . Landing with increased knee flexion angle leads to the increase of the knee extensor moment [7] , and this produces sudden contraction force on quadriceps. Especially, during simultaneous landing with both legs, both legs are fixed on the ground at that moment, and ground reaction forces are conducted to both knees. Thus, these sudden contraction forces on the quadriceps at landing (i.e. large eccentric contractions) is thought to be the main cause of ruptures in these cases.
Diagnosis of quadriceps tendon rupture is based upon history and clinical examination [8] . History of the injury, such as a fall coupled with a violent contraction of the quadriceps, helps diagnosis. Additionally, patients describe sudden pain and a sensation of rupture on the injured site. A palpable suprapatellar gap, hemarthrosis of the knee and an inability to extend the knee actively are present on physical examination [9] .
MRI is generally accepted as the most satisfactory way to diagnose tendon rupture. MRI can reveal not only the rupture but also the location of the injury site such as the osteotendinous junction or the musculotendinous area [10] . Therefore, MRI is used for diagnosis and also for preoperative planning [11] . Ultrasound is reported as a rapid way to investigate tendon rupture, which is a highly sensitive and specific means of assessment [12] . It is reported that Ultrasound can describe the location of the rupture and help differentiate complete from partial tears.
The patients reported here were misdiagnosed initially, in part because diagnosis was made using only radiographs. Radiographs can provide evidence of quadriceps tendon rupture by showing an obliteration of the quadriceps tendon shadow, a patella baja (lowriding patella), and a suprapatellar soft tissue mass representing retraction of torn tendons, and an avulsion of small bony fragments from the pole of the patella. However, radiographs are rarely sufficient to make the correct diagnosis [13] . It is reported that only 33% of quadriceps tendon ruptures were diagnosed correctly with radiography alone [13] . Bilateral quadriceps tendon rupture may be interpreted as a neurological deficit due to muscle weakness [14] . Both patients in this series were misdiagnosed as having muscle weakness and contusion with effusion and swelling. However, an adequate physical examination together with radiographic or MRI images can prevent misdiagnosis. 
